Abstract. Phylogenetic studies have greatly impacted upon the circumscription of taxa within the rosid clade, resulting in novel relationships at all systematic levels. In many cases the floral structure of these taxa has never been compared, and in some families, even studies of their floral structure are lacking. Over the past five years we have compared floral structure in both new and novel orders of rosids. Four orders have been investigated including Celastrales, Oxalidales, Cucurbitales and Crossosomatales, and in this paper we attempt to summarize the salient results from these studies. The clades best supported by floral structure are: in Celastrales, the enlarged Celastraceae and the sister relationship between Celastraceae and Parnassiaceae; in Oxalidales, the sister relationship between Oxalidaceae and Connaraceae, and Tremandraceae embedded in Elaeocarpaceae; in Cucurbitales, the sister relationship between Corynocarpaceae plus Coriariaceae, and the grouping of the core Cucurbitales (Cucurbitaceae, Begoniaceae, Tetramelaceae, Datiscaceae); in Crossosomatales, the sister relationship between Ixerbaceae plus Strasburgeriaceae, and between this clade and Geissolomataceae. The core Crossosomatales (Crossosomataceae, Stachyuraceae, Staphyleaceae) and Celastrales as an order are not strongly supported by floral structure. In addition, a new floral feature of potential systematic interest is assessed. Specifically the presence of special cells in flowers with a thickened mucilaginous inner cell wall and a distinct, remaining cytoplasm is surveyed in 88 families and 321 genera (349 species) of basal angiosperms and eudicots. These cells were found to be most common in rosids, particulary fabids (Malpighiales, Oxalidales, Fabales, Rosales, Fagales, Cucurbitales), but were also found in some malvids (Malvales). They are notably absent or rare in asterids (present in campanulids: Aquifoliales, Stemonuraceae) and do not appear to occur in other eudicot clades or in basal angiosperms. Within the flower they are primarily found in the abaxial epidermis of sepals.
'Very large', 'poorly understood' but 'well supported' are three good descriptors for the rosid clade (Fig. 1) . It comprises perhaps a third of the species of angiosperms and includes 14 orders Soltis et al. 2000 Soltis et al. , 2005 APG 2003) , of which many have had complex taxonomic histories. Following molecular analyses, new orders have appeared in some cases, such as Crossosomatales (APG 2003) , while in others the traditional composition of the orders has been altered, such as in Cucurbitales (e.g. . Additionally, floral structure for many members of these orders is either unknown or poorly represented (see also Stevens 2001 onwards, Judd and Olmstead 2004) .
In view of this progress in our phylogenetic understanding of rosids, we commenced a project five years ago focussing upon the comparative floral structure of rosid orders with either new or novel circumscription. Our overall aim was to determine whether floral structure (morphology, anatomy and histology) either supports or questions the relationships proposed by molecular phylogenetic studies, and additionally to tease out potential floral synapomorphies for these orders. We aimed to describe the same features in the same way and to ensure that the same features were always described for each study, but adding new features as they emerged. Our motivation based on a common problem faced when surveying literature, that different studies use different terms to describe the same feature or certain features are just not mentioned, all of which leads to confusion.
We have studied four orders to date including Oxalidales Endress 2002) , Cucurbitales Endress 2004) , Crossosomatales (Matthews and Endress 2005a) and Celastrales (Matthews and Endress 2005b) . Our reason for selecting these orders of rosids was based upon an initial study comparing what appeared to be the very similar flowers of Cunoniaceae (Oxalidales) and Anisophylleaceae (Cucurbitales) . The ensuing results prompted us to compare the remaining families from these two orders Endress 2002, 2004) . When Crossosomatales appeared as a newly circumscribed order (Sosa and Chase 2003, APG 2003) they became our next focus of study (Matthews and Endress 2005a) . Finally Celastrales were compared as we had already studied Oxalidales and planned to study Malpighiales in the future, thus completing the COM (Celastrales-Oxalidales-Malpighiales) clade in which these three orders currently form a polytomy. In addition we surveyed one feature, elaborate petals, throughout all orders of the eudicots (Endress and Matthews 2006a) .
In this paper we attempt to summarize the results from these four large ordinal studies, specifically mentioning only those special (uncommon) features which are of interest as potential synapomorphies for various clades. Additionally, a new feature of potential systematic interest, special cells in flowers with a thickened mucilaginous inner cell wall is assessed, which has emerged from our intitial studies Endress 2002) and was corroborated by the later studies Endress 2004, 2005a,b) . We have surveyed the presence of this feature in flowers for 321 genera (349 species) from 88 families of basal angiosperms and eudicots and also assessed the distribution of these cells in leaves based on published records (West 1969; Metcalfe and Chalk 1950 , 1979 , 1983 Napp-Zinn 1973; Metcalfe 1987; Gregory and Baas 1989; Bakker 1992; Bakker and Gerritsen 1992b; Mariani et al. 1988; Bakker and Baas Soltis et al. 2005 , with jackknife values after Soltis et al. 2005) . Orders whose floral structure was comparatively studied are highlighted in bold (Matthews and Endress 2002 , 2005a 1993; Bredenkamp and Van Wyk 1999) . Finally some general comments and conclusions are given with respect to our experience from these broad studies.
Materials and methods
Survey of mucilage cells. We have used the publications by Metcalfe and Chalk (1950) and Napp-Zinn (1973) to compile a combined list of taxa for which either cells with a mucilaginous inner cell wall and distinct cytoplasm (here called 'special mucilage cells') or entirely mucilaginous cells with an indistinct cytoplasm (here called 'unspecified mucilage cells') are mentioned for vegetative parts. In cases where the names (family or genus) have changed since these publications the new name is used (Appendix I). The ordinal classification is based on APG (2003), and Ka˚rehed (2001) is used for Icacinaceae. Metcalfe and Chalk (1950) mention 69 families whose leaves have a mucilaginous epidermis, and of these, 13 are described as having cells with a mucilaginous inner cell wall. Napp-Zinn (1973) mentions 14 families for which the inner wall of all or most cells of one or both of the leaf epidermises are mucilaginous, and nine families for which he supposes the cells are ''mimicking'' an epidermis which is more than one-cell-layered, but is in fact only one cell layer. In this second case (''mimic''), the families are noted in Appendix I but are not included in the overall discussion as it is not certain that they represent our special mucilage cells. Gregory and Baas (1989) mention 129 families whose leaves contain mucilage.
Using this compiled list we surveyed microtome sections (mainly paraplast and some plastic) of flowers from representatives of all families mentioned (unless material was unavailable) from a large collection of microtome sections of PKE, located in the Institute of Systematic Botany, Zurich. Because this material was not originally prepared for this study the number of species surveyed per family was not proportional. In total, flowers from 88 families (321 genera and 349 species) of basal angiosperms and eudicots were surveyed for the presence or absence of these cells and type of mucilage cell noted. Approximately 74 families of the 86 families listed by Metcalfe and Chalk (1950) and Napp-Zinn (1973) were surveyed. The additional families were from our own ordinal studies Matthews and Endress 2002 , 2005a . Special mucilage cells are clearly recognisable in plastic-embedded material, less so in the paraplast sections, although best attempts were made. In cases where it was not possible to clearly distinguish between the two cell types (in paraplast sections), the species was noted as having unspecified mucilage cells. Species were assigned to having special mucilage cells only when clearly visible cytoplasm was present (positioned almost always to the outside of the mucilaginous cell wall) including cases where the cytoplasm was reduced but still clearly visible (e.g. Fig. 9 Strasburgeria robusta). In other cases, both special and (what appeared to be) unspecified mucilage cells were present in the same epidermis (e.g. Fig. 3 Connarus conchocarpus), however, always in these cases the presence of special mucilage cells was clearly evident. Advanced buds or anthetic flowers were observed.
Results of our survey are listed in Appendix I and summarized in Tables 1  and 2. Appendix I and the Tables 1 and 2 also include the presence of unspecified mucilage cells in leaves (West 1969; Metcalfe and Chalk 1950 , 1979 , 1983 Napp-Zinn 1973; Metcalfe 1987; Gregory and Baas 1989; Bakker 1992; Bakker and Gerritsen 1992b; Bakker and Baas 1993) and flowers (our survey plus Igersheim 1997, 1999; Igersheim and Endress 1997; Merino Sutter et al. 2006) . The families originally listed by Solereder (1899 Solereder ( , 1908 as having a mucilaginous ''inner'' membrane are also compared (and listed) in Appendix I, but like Napp-Zinn (1973) we could not be certain that these cells were the same as our special mucilage cells. For this reason they are also not included in the overall discussion of the systematic distribution of these cells.
Character mapping for the (partial) presence or absence of special mucilage cells in orders of eudicots (Fig. 11) was performed using the soft polytomy (uncertainties of resolution) setting of Maclade 4.07. It was not our intention to hypothesise the evolution of this character within the eudicots (as such evolutionary hypotheses are currently impossible due to the lack of resolution of between clades), but rather to show its distribution.
Results and discussion
Floral structure and molecular phylogenetic data: congruence or incongruence for the orders Celastrales, Oxalidales, Cucurbitales and Crossosomatales Celastrales Molecular phylogenetic support. Celastrales (Celastraceae, Parnassiaceae and Lepidobotryaceae) are well supported (Savolainen et al. 2000, Zhang and , and Lepidobotryaceae appear as sister to Celastraceae plus Parnassiaceae (including Lepuropetalon) with good support. Less clear is the relationship between Celastraceae plus Parnassiaceae: based on rbcL alone, they form a well supported sister pair . However in the six-gene (three nuclear and three plastid plus one plastid spacer) analysis by , Celastraceae are not monophyletic, but form a polytomy with Parnassiaceae, and thus Parnassiaceae may be nested within Celastraceae. Regardless, a close relationship between Celastraceae and Parnassiaceae is clearly supported. The inclusion of six smaller families (Brexiaceae, Canotiaceae, Hippocrateaceae, Plagiopteraceae, Siphonodontaceae, Stackhousiaceae) into an enlarged Celastraceae is also supported Soltis et al. 2000; Simmons et al. 2001a,b; .
Floral structural support. Floral structure strongly supports the close relationship between Celastraceae plus Parnassiaceae (Matthews and Endress 2005b ), but does not strongly support the order as a whole (Fig. 2a) . Rather, Lepidobotryaceae were found to share interesting features mainly with Malpighiales and to a lesser degree with Oxalidales than with other Celastrales. Those shared with Malpighiales include the presence of ten fertile stamens in two whorls and crassinucellar, pachychalazal, epitropous ovules with an obturator and strong vascularization around the chalaza. However one feature of the gynoecium that does link the three families of Celastrales is the postgenital fusion of the ventral slit by conspicuously long, interlocking epidermal cells. Pronounced protandry involving the movement and/or abscission of stamens is a potential synapomorphy for Celastraceae plus Parnassiaceae, as are a perianth with fringed margins (also Malpighiales and Oxalidales) and commissural stigmas (only these two families out of the 24 families we have studied in our ordinal studies have commissural stigmas, the others have carinal ones). The enlarged Celastraceae (Canotiaceae and Plagiopteraceae not studied) are strongly supported as a group by floral structure, specifically by the presence of an apical septum in the ovary and oxalate druses in the floral organs (both of which are not found in Parnassiaceae or Lepidobotryaceae).
Oxalidales
Molecular phylogenetic support. Oxalidales are well supported as a clade Soltis et al. 2000 Soltis et al. , 2005 Davies et al. 2004; as are some of the relationships within the order, such as Oxalidaceae plus Connaraceae , Davies et al. 2004 , Soltis et al. 2005 which are sister to the remaining families. However, resolution between the remaining families (Brunelliaceae, Cunoniaceae, Cephalotaceae, Elaeocarpaceae including Tremandraceae) is lacking , Davies et al. 2004 , Soltis et al. 2005 .
Floral structural support. Our original interpretation of floral structural support for Oxalidales and the relationships within it (Matthews and Endress 2002) was based upon the rbcL phylogeny by Savolainen et al. (2000) , for which all seven families were sampled. However, with the newly proposed close relationship between Brunelliaceae and Cephalotaceae based on rbcL plus trn-LtrnF (Davies et al. 2004) , it is appropriate to reassess our results (Fig. 2b ). Brunelliaceae and Cephalotaceae share isomerous, apetalous flowers with two whorls of stamens, lack of special mucilage cells (also Oxalidaceae and Elaeocarpaceae), carpels extremely reflexed when the flower is in the female phase, a stigma that is decurrent for almost the entire length of the style and lack of a zig-zag micropyle. Cunoniaceae plus (Brunelliaceae + Cephalotaceae) (Davies et al. 2004) share only very few special floral features, and most are found elsewhere within the order. A potential shared feature is free carpels (or only united at the very base) (Cephalotaceae, Brunelliaceae and some Cunoniaceae e.g. Acsmithia).
Oxalidaceae and Connaraceae as sisters, and Tremandraceae embedded in Elaeocarpaceae, are the two most surprising relationships to result from molecular analyses with respect to Oxalidales , Davies et al. 2004 . In both cases, the families had previously not been considered to be closely related and were far apart in traditional classifications (e.g. Cronquist 1981). However, both relationships are strongly supported by floral structure. Specifically, Oxalidaceae and Connaraceae share dimorphic and trimorphic heterostyly (for Oxalidaceae: e.g. Trognitz and Hermann 2001;  for Connaraceae: e.g. Lemmens 1989) , petals postgenitally hooked together into a tube near the base but free directly at the insertion zone, haplostemonous androecium with stamens congenitally united into a short tube via antepetalous staminodes, hemianatropous to orthotropous ovules, and multicellular glandular hairs on petals, stamens and gynoecia.
Strongest floral structural support was found for the relationship between Elaeocarpaceae and Tremandraceae (despite poor molecular phylogenetic support of Elaeocarpaceae as a whole). These families share, in addition to a number of features commonly associated with a buzz-pollination syndrome, some very unusual features such as involute valvate broad and massive, 3-traced petals that enwrap a group of stamens in bud, ovary locule walls and ovules with hairs, and ovules with a curved chalazal appendage.
Cucurbitales
Molecular phylogenetic support. Support for the circumscription of Cucurbitales has improved significantly over the last five years Schwarzbach and Ricklefs 2000; Soltis et al. 2000 Soltis et al. , 2005 Wagstaff and Dawson 2000; Zhang and Renner 2003; ) and since its expansion to include three new families (Coriariaceae, Corynocarpaceae, Anisophylleaceae) in addition to the traditional core Cucurbitales (Cucurbitaceae, Begoniaceae, Datiscaceae, Tetramelaceae), its composition of seven families have remained the same. However the relationships between these families are still essentially unresolved, and only Anisophylleaceae as sister to the rest of the order (Zhang and Renner 2003 , Soltis et al. 2005 , and Corynocarpaceae plus Coriariaceae appear well supported Soltis et al. 2000 Soltis et al. , 2005 Zhang and Renner 2003; . Resolution within the core Cucurbitales remains unclear, although they consistently form a clade in recent phylogenetic analyses and are especially well supported in .
Floral structural support. Floral structural studies Endress 2004 ) strongly support the two main clades of Cucurbitales, that of Corynocarpaceae plus Coriariaceae, and the core Cucurbitales (Fig. 2c) . They also reflect the uncertainty in resolution of the core group. Anisophylleaceae however, remain an enigma, and although sharing features with the rest of the order, still do not fit comfortably within it, seemingly sharing some special features with Oxalidales.
Corynocarpaceae and Coriariaceae share a suite of unremarkable (plesiomorphic?) widespread features, which separate them from the remaining five families, such as bisexual flowers, quincuncial sepal aestivation, diplostemony, superior ovary, and carpels with a single, pendant, syntropous ovule (for additional features see Matthews and Endress 2004) .
The core Cucurbitales are supported by floral features such as an extensive roof over the inferior ovary with the free carpel parts very widely spaced, branched placentae (more than bifurcate), ovules with a large-celled surface, and flanks of the outer integument that bulge over the funicle.
The entire order shares carpels that are completely free immediately above the ovary and four of the families are linked by unifacial stigmas and/or styles with pollen tube transmitting tissue that is not connected to the morphological surface for some distance (Corynocarpaceae, Coriariaceae, Tetramelaceae, Begoniaceae).
Anisophylleaceae share with some of the other members of Cucurbitales unisexual flowers, an inferior ovary, and an inner integument which is delayed in development (e.g. Anisophylleaceae: Tobe and Raven 1987; Datiscaceae: Matthews and Endress 2004; Cucurbitaceae: Singh 1955; Begoniaceae: Anisimova 1983) . With Oxalidales, they share for example an obdiplostemonous androecium, special mucilage cells (for details see next chapter) in the epidermis of sepals and gynoecium, and elaborate petals with finger-like lobes (see also Matthews et al. 2001, Endress and Matthews 2006a) . Based on floral structure and the lack of strong support for the relationships within the nitrogen-fixing clade and between this clade and the COM clade, the position of Anisophylleaceae should be investigated further.
Crossosomatales
Molecular phylogenetic support. Crossosomatales appear as a newly circumscribed and well supported order in APG (2003) comprising three families (Crossosomataceae, Stachyuraceae, Staphyleaceae) Soltis et al. 2000 Soltis et al. , 2005 Cameron 2003; Sosa and Chase 2003) . The order is associated with a second clade of four families (Aphloiaceae, Geissolomataceae, Ixerbaceae and Strasburgeriaceae) Soltis et al. 2000 Soltis et al. , 2005 Cameron 2003; Sosa and Chase 2003) and of these, only the sister pair Ixerbaceae and Strasburgeriaceae receive strong support , Cameron 2003 , Sosa and Chase 2003 . Geissolomataceae, sister to Ixerbaceae plus Strasburgeriaceae, is weakly supported and the enlarged order of all seven families receives no molecular support (Soltis et al. , 2005 Cameron 2003) . Additionally, the position of Aphloiaceae within the order is not yet stable Soltis et al. 2000 Soltis et al. , 2005 Cameron 2003; Sosa and Chase 2003; Davies et al. 2004) .
Floral structural support. Ixerbaceae and Strasburgeriaceae as a clade have excellent floral structural support (Fig. 2d) . They share large solitary flowers with special mucilage cells plus unspecified mucilage cells (for details see next chapter), both cell types present within the mesophyll (but not epidermis) of all or most floral organs. Additionally they share antitropous ovules and lignified, unicellular Tshaped hairs on floral organs. Similar unusal hairs are also found on vegetative organs of Geissolomataceae (Dahlgren and Rao 1969) , and provide good support for the relationship suggested between these three families in molecular studies, in addition to alternisepalous carpels, a punctiform stigma formed by postgenitally united and twisted carpel tips, synascidiate ovary and only one or two pendant ovules per carpel.
Despite non-existent molecular support for the expanded Crossosomatales, the group shares a number of very particular floral structural features, such as the presence of gynoecia with postgenitally united carpel tips (containing a compitum) and a free region below, plus cell clusters with bundles of yellow crystals (see Matthews and Endress 2005a , for additional features). Aphloiaceae and Crossosomataceae have never been shown to be closely related in any molecular analyses, yet they share a suite of features that are not present in the other members of the order, such as a polystemonous androecium with basifixed anthers, stigma with two decurrent crests, campylotropous ovules and reniform seeds and an absence of hairs on flowers. In contrast, core Crossosomatales, which consistently receive high molecular support, show only minimal floral structural similarity, as the features linking them are particularly unremarkable: polygamous or functionally unisexual flowers, x-shaped anthers, and free and follicular carpels (not Stachyuraceae). New feature of interest in flowers: Mucilage cells with unequally thickened inner tangential cell wall and distinct remaining cytoplasm Cells with a mucilaginous inner tangential cell wall and a distinct remaining cytoplasm (special mucilage cells) in floral organs have not, to our knowledge been reported before, yet they represent a new feature of potential systematic interest. These cells, first observed in flowers of Cucurbitales (Anisophylleaceae: Anisophyllea, Polygonanthus) and Oxalidales (Cunoniaceae: Gillbeea, Geissois) Endress 2002) In vegetative organs the presence of such special mucilage cells has long been known and their systematic distribution received most attention one hundred years ago (e.g. Tschirch 1889; Walliczek 1893; Solereder 1899 Solereder , 1908 . Later studies mention but do not concentrate on them (reviews in Metcalfe and Chalk 1950, Napp-Zinn 1973) . However, both Lyshede (1977, Spartocytisus, Fabaceae) and Bredenkamp and Van Wyk (1999, Passerina, Thymelaeaceae) detail the development of these cells.
Background mucilage cells. Two general points emerge from the literature on mucilage cells (1) the constancy of the location of the mucilage between the primary cell wall and plasmalemma (e.g. Mollenhauer 1967 , Fahn 1979 , Mauseth 1980 , Trachtenberg and Fahn 1981 , Bakker and Gerritsen 1992a and the content and origin of the mucilage (composed mainly of polysaccharides, especially pectins, and sometimes containing proteins and synthesised mainly by Golgi bodies ; Mollenhauer 1967; Bouchet 1973; Lyshede 1977; Fahn 1979 Fahn , 1988 Trachtenberg and Fahn 1981) , plus (2) the variability of their function in different organs and taxa. Overlaying all of these functions however is their overall potential to absorb water and swell.
In leaves, typically mucilage cells are present in the adaxial epidermis and are larger than the surrounding cells, often protruding into the underlying cell layer (Gregory and Baas 1989, Bakker and Gerritsen 1992a) . Mucilage tends to be deposited in concentric layers between the cell wall and the cytoplasm (extraplasmatic space), these layers are visible in microtome sections as bands or striations of the mucilaginous wall (e.g. Bakker and Gerritsen 1992a; Figs. 3 and 5, this study) . The location (and fate) of the cytoplasm in mucilage cells varies, depending on how much, and on which wall(s) the mucilage is deposited, but typically, as the volume of mucilage increases, the volume of the cytoplasm decreases and either disappears (Mollenhauer 1967, Bakker and Gerritsen 1992a) or is only visible as a dark line (Mauseth 1980) , present either in the centre of the cell, or it is pushed to either the inner or the outer wall.
Background special mucilage cells. The above background briefly details what is known of mucilage cells in general. Our focus is specifically on cells with a thickened mucilaginous inner cell wall and a prominent remaining cytoplasm, and their occurrence in flowers. Details of such cells in the literature are sparse, they appear to be lacking for flowers before Matthews et al. (2001) , but were covered for leaves in most detail by German botanists in the late 1800s (e. g. Volkens 1887, especially Walliczek 1893, Solereder 1899). Figures of such cells however do appear in various publications, but are not focussed upon or mentioned specifically, for example in Salicaceae (Mariani et al. 1988 ; Fig. 3a ) and in Thymelaeaceae (Metcalfe and Chalk 1950; Fig. 284) . Seeds are the only floral parts mentioned to have cells with unequally thickened, mucilaginous cell walls, however it is the outer wall that is thickened (Fahn 1974 , Corner 1976 and not the inner. In Malvaceae reproductive organs, primarily fruits are mentioned (e.g. Mollenhauer 1967, Scott and Bystrom 1970) , but the cells appear to be entirely mucilaginous (or forming mucilage cavities derived from a group of cells).
According to Walliczek (1893) and Solereder (1899), mucilage cells in the leaf epidermis are one-sided and the inner cell wall is secondarily thickened (less often the outer wall). The cells occur either singly, or less often as groups of cells or making up the entire epidermis (rarely present in the hypodermis). They are usually always found on the adaxial leaf surface, more rarely on the abaxial (Walliczek 1893, Solereder 1899, Mariani et al. 1988, Bredenkamp and Van Wyk 1999) . Special mucilage cells tend to be larger than the surrounding cells and often appear stratified in Salix (Salicaceae) (Mariani et al. 1988) and Passerina (Thymelaeaceae) species (Bredenkamp and Van Wyk 1999).
Our survey. Special mucilage cells in both flowers (our original observations) (Figs. 3-10 ) and leaves (published records) are concentrated within rosids among angiosperms (monocots not considered) ( Table 1, Fig. 11 , Appendix I). They have a limited presence in asterids and were not observed in other eudicots or basal angiosperms. The absence of mucilage cells in general from leaves of asterids such as Asterales and Dipsacales has been noted before (Gregory and Baas 1989) .
In rosids, special mucilage cells in flowers are most common in fabids (Table 1) , present in all orders of both the nitrogen-fixing clade (Fabales, Rosales, Cucurbitales, and Fagales) and parts of the COM clade (Oxalidales and Malpighiales). They were not found in Celastrales. Perrottetia (previously Celastraceae) in which they occur has been moved from Celastraceae to malvids (near Dipentodon and Tapsica; , where such cells are less widely distributed, recorded in only Malvales (and Perrottetia, see above). Outside of eurosids, they also occur in Crossosomatales. In asterids, special mucilage cells in flowers were only found in Aquifoliales.
The systematic distribution of special mucilage cells in leaves is similar to that of flowers, being most common in rosids (Table 1) . Within fabids they are present in Fabales and Rosales of the nitrogen-fixing clade and in Oxalidales and Malpighiales of the COM clade. They are present in members of all orders of malvids and also in Myrtales. Within asterids they are present in Ericales and Gentianales.
Special mucilage cells appear to be slightly more common in leaves (present in 24% of families surveyed) than in flowers (present in 18% of families surveyed), although this difference could be the result of uneven sampling, with more leaves sampled than flowers. As yet only five families show the presence of special mucilage cells in both their flowers and leaves (Malpighiales: Ochnaceae, Violaceae; Oxalidales: Connaraceae, Cunoniaceae, Tremandraceae) (for leaves of Tremandraceae see Solereder 1899). Additionally, the presence of special mucilage cells in flowers within a family or genus may not be consistent (e.g. in Viola).
The distribution of unspecified mucilage cells is also surveyed in flowers and leaves Sutter et al. (2006) ; presence in leaves based on literature for which a thickened mucilaginous inner cell wall is clearly mentioned (Metcalfe and Chalk 1950, 1979; Napp-Zinn 1973; Bredenkamp and Van Wyk 1999) . Those cases where the cells are described as ''mimicking two cells'' (NappZinn 1973) or with a mucilaginous 'inner' membrane (Solereder 1899 (Solereder , 1908 ( Table 2 , Appendix I). Their distribution is similar to that of special mucilage cells in that they are concentrated in rosids, but their overall distribution is much more widespread. Such cells are present to varying degrees throughout non-monocot angiosperms, including basal angiosperms and core eudicots, although again to a lesser degree in asterids than in rosids. They were not recorded from flowers in asterids (with the exception of Desfontainiaceae) and are significantly more widespread in leaves than they are in flowers. In almost all cases (but not in Ixerbaceae and Strasburgeriaceae in Crossosomatales, Cunoniaceae in Oxalidales), when present in flowers they are similarly present in leaves of taxa from the same family (although the same taxa were not studied for a given family). Among basalmost angiosperms, unspecified mucilage cells occur in leaves of Illiciaceae, Schisandraceae, Trimeniaceae (Metcalfe 1987) , and also in flowers (carpels) of the same families . Among magnoliids, they occur in leaves of Magnoliales (Annonaceae, Myristicaceae and Laurales (Lauraceae)) (West 1969; Metcalfe 1987; Bakker 1992; Bakker and Gerritsen 1992b,c; Bakker and Baas 1993) , and also in flowers (carpels) of Laurales (Calycanthaceae, Hernandiaceae, Lauraceae, Monimiaceae, Endress and Igersheim 1997), but were not found in flowers of Magnoliales , except in carpels of Myristica, this study). Among basal eudicots, mucilage cells in leaves were recorded from Menispermaceae (Metcalfe and Chalk 1983) ; however, in flowers (carpels), probable mucilage cells were only found in Buxaceae (Endress and Igersheim 1999) .
Among core eudicots unspecified mucilage cells are present in leaves of all orders of rosids (rare in Geraniales and Celastrales), plus Gunnerales, Berberidopsidales, Dilleniaceae, Caryophyllales, Santalales, Saxifragales and Vitaceae. In asterids they are more widespread than special mucilage cells, present in leaves of Cornales and Ericales, the lamiid orders, Gentianales, Lamiales and Solanales, and in the campanulid order, Aquifoliales.
This survey has identified a potential systematic pattern in the distribution of special (and unspecified) mucilage cells within the rosids. This pattern was earlier not apparent as many of the orders were previously not considered to be closely related. For example Gregory and Baas (1989) note that the orders Ericales, Fabales, Fagales, Rosales, Rham- A Celastrales . B Oxalidales (Davies et al. 2004 : support values for individual clades are not given by Davies et al. 2004 ; the support value for the entire order is taken from Soltis et al. 2005) . C Cucurbitales . D Crossosomatales (Sosa and Chase 2003) Table 2. Summary of presence of unspecified mucilage cells in flowers and/or leaves of basal angiosperms and eudicots (monocots not considered). The cells occur mainly in the mesophyll of floral organs (rarely in the epidermis) and in the epidermis, hypodermis or mesophyll of the leaves. Presence in floral organs based on our original observations (and in addition personal communication by M. von Balthazar (Malvaceae (Bombacaceae)) and A. Kocyan (Dipterocarpaceae), Endress and Igersheim 1997 Merino Sutter et al. 2006 for basal angiosperms and basal eudicots); presence in leaves based on published records (West 1969; Metcalfe and Chalk 1950 , 1979 , 1983 Metcalfe 1987; Napp-Zinn 1973; Gregory and Baas 1989; Bakker 1992; Bakker and Gerritsen 1992b; Bakker and Baas 1993 classifications of Malvales, organs with mucilage cells were believed to be of taxonomic value (synapomorphic?) for the order Ramayya 1984, Gregory and Baas 1989) , and although consistently present in the leaves of all families in the current (expanded) Malvales, their presence no longer distinguishes them from other orders. A pattern is also discernable with respect to the location of the special and unspecified mucilage cells within a flower. Special mucilage cells are almost always present in the sepals, which are thick (>2 cell layers thick) and are rare in the gynoecium (only Cunoniaceae, Anisophylleaceae, Strasburgeriaceae). They are primarily present in the epidermis (and hypodermis) and less commonly in the mesophyll, and when in the epidermis, they are almost always on the abaxial side. In contrast, unspecified mucilage cells are not restricted to the sepals, but are rather present in all (or most) floral organs ($60% of taxa) or in the perianth ($40% of taxa), but are never (or only very rarely) present in the androecium alone. They are also primarily found in the mesophyll of organs within the flower. However, there appears to be no correlation between the specific position of mucilage cells in floral organs and its systematic distribution. Unfortunately it was not possible to compare leaves and flowers (with respect to the position of mucilage cells within an organ) as leaf surveys tended to be restricted to description of the epidermis only (e.g. Metcalfe and Chalk 1950) .
A limiting factor in the assessment of the distribution of special mucilage cells is their poor preservation in paraplast sections as compared to plastic sections. To gain a better idea of their distribution, a broad survey of flowers using plastic-sectioned material stained with ruthenium red and toluidine blue is needed, including comparison of different developmental stages to assess at what floral stage these cells arise. Significant is that these special mucilage cells are present in organs of both advanced buds and open flowers, as they potentially represent just a 'stage' in mucilage cell development (between the appearance of the mucilage cell and disappearance of the cytoplasm due to an increase in the volume of the mucilaginous cell wall, as seen in unspecified mucilage cells). Rather, in special mucilage cells, it appears that the complete reduction/disappearance of the cytoplasm has been arrested, leaving a visible (and distinct) portion of cytoplasm within the cell.
The distribution of special mucilage cells within sepals (abaxial epidermis) or leaves (adaxial epidermis) also shows an interesting correlation, leading to the question of their function. In both cases they are present on the exposed surface of the organ (upper exposed surface of the leaf), perhaps indicating a protective function for the enclosed organs of the flower (in bud) or the leaf tissues below the adaxial epidermis. In seeds, it is the outer cell wall that is thickened and when in contact with water the mucilaginous cells swell and burst coating the seeds with a film of mucilage (Fahn 1974 , Corner 1976 , Esau 1977 . This film of mucilage is believed to serve a number of possible functions such as reducing dispersal by aiding adherence of seeds to soil after release, or alternatively adhering to animals for dispersal, it may cause a specific reduction in the weight of the seed in water, or it may prevent desication during germination or inhibit germination in waterlogged environments by hindering the passage of oxygen (Fahn 1974 and Cunoniaceae (Oxalidales) we compiled a tentative list of 'special shared features' (potential synapomorphies) which were expanded to include additional features in our first ordinal study (Oxalidales, Matthews and Endress 2002) . Some of these 'special shared features' turned out to be more widespread than anticipated (from what was known in the literature). Mucilage cells in flowers (discussed above) were among the new features found. Their wider distribution does not, however, make them less valuable, but rather less defining for specific clades. Our studies demonstrate that close investigation of the flower yields interesting, new features, which may either turn out to be more widespread and thus be potential synapomorphies for larger groups (such as special mucilage cells in rosids) or be potential synapomorphies for smaller groups (such as large, 3-traced involute valvate petals enwrapping a group of stamens in the combined families Elaeocarpaceae and Tremandraceae).
The framework in which we have carried out these ordinal studies and the consistency we have tried to maintain between them, forms a basis for similar studies on other large groups. As mentioned in the Introduction, our next focus will be on the floral structure and systematics of selected clades within the very large order Malpighiales. We hope to reveal more characteristics in floral structure and to propose potential synapomorphies for this diverse order. Also, by combining these results with those of Oxalidales and Celastrales, we hope to come closer to a characterization of the entire COM clade (provided this clade ultimately becomes well supported by molecular studies), thus working towards a better understanding of 'rosid flowers' (Endress and Matthews 2006). However, whether the features we expose are indeed synapomorphies for these groups will remain a question until the phylogenetic resolution between the orders of the rosids improves. Appendix I. Mucilage cell type and location in floral organs and leaves (published records, see below) of basal angiosperms and eudicots (monocots not considered). With the exception of the asterids surveyed (where only the number of genera and species are listed in brackets), the genera are listed for all families whose floral organs were surveyed. Numbers in brackets following the genus represents the number of species surveyed (when >1 studied) 
